The 'knowledge economy' is a key facet of the proposition that Western societies have entered a fundamentally new phase of development as a result of rapid advances in digital technology. However, this proposition underplays the historic importance of knowledge to economic activity and performance. One example of the past intersection of knowledge transfer and economic development is the in-house company library in Britain, which, having originated in the 19th century, became a noticeable feature of the corporate management after 1914, providing a nurturing environment for the emergence of embryonic information professionalism. Paying particular attention to the First World War and inter-war periods, this paper focuses on the purpose and work of the early company library and on the factors that moulded it.
Introduction
Like other major labels describing the digital 'new age' proposition, the concept of the knowledge economy emphasises novelty over continuity. Recent technological developments, and their social implications, tend to be viewed by 'new age' proponents as 'revolutionary' -a word that has arguably been cheapened over recent decades by the forces of socio-technical utopianism. Those who ponder the economic dimensions of the perceived shift to a knowledge, or information, society argue that: 'We are living through a great transformation . . . which concerns the very social processes of knowledge production, diffusion and utilisation.' [1, p.1] In the context of the 'learning economy', one of the knowledge economy's many synonyms -others being the 'digital economy' and the long-standing 'information economy' -Geoffrey Hodgson has predicted the evolution of a new socioeconomic system (not so much utopian as 'evotopian') somewhere between capitalism and socialism, where worker control over the production process is enhanced by increased IT-rich knowledge intensity [2] . More radically, Peter Drucker has announced the arrival of post-capitalist society. We are living, he explains, through one of those rare periods of history where society 're-arranges itself'. We are experiencing a 'sharp transformation' in the development of civilisation. The main driver of this 'divide' in history, Drucker argues, is the economic function of knowledge: the basic economic resource is no longer capital, nor land, nor labour -'It is and will be knowledge.' [3, pp. 1,7 
] Such assessments have encouraged voices in
Correspondence to: A.Black@leedsmet.ac.uk A. BLACK the information world to argue that 'we have gone beyond information services and now live and work in a golden age of knowledge services [author's emphasis].' [4, p. xvi] Yet, as history has shown and as this paper emphasizes, generalized, transformative assessments -even less predictions -of social change are rarely accurate and must be treated with considerable care [5, p. 354 ].
Knowledge, the economy and the 'long view'
Those convinced of the knowledge economy thesis are not entirely blind to the fact that the search for, and the exploitation of, knowledge has been at the heart of social and economic development in the modern world since the Enlightenment [6, p. 95] . Nor would all knowledge economy enthusiasts reject the idea that the key development in recent decades has been less the sudden arrival of knowledge as an economic resource than a long overdue formal and widespread recognition of its economic value. However, discourses that celebrate the knowledge economy generally accentuate its epochal nature and the historical proximity of its origins at the expense of assessments of the role knowledge has played in economic development over the centuries. Relative to the large number of words that have been written about an emergent new society, appreciation of historical trends, roots and influences is relatively scarce. Yet, as sceptics have argued, it is crucially important to locate 'new ages' in the broad sweep of history. As some scholars have shown, knowledge has been a key dynamic in the long evolution of modern business [7] ; and more generally a 'key component of economic growth' [8, p. 66] . The relationship between knowledge and the economy was recognized by Frederic Kenyon (former Principal Librarian of the British Museum) in 1944 when, in addressing the annual conference of the Association of Special Libraries and Information Bureaux (Aslib), he urged that:
Industry must be intellectualised, as the first stage in raising the cultural level of our national life, as well as in increasing its efficiency in its own sphere of action. [9, p. 16] Earlier still, at its inaugural conference in 1924, Aslib was told by one delegate that:
Efficiency in research and in the application of its results is significantly conditioned by command of information. To the individual nation or race which most skilfully, thoroughly and wisely masters and uses the accumulated knowledge of mankind, comes supremacy in industry. [10, p. 32] Aslib's counterpart in the USA, the Special Libraries Association, established in 1909, saw its role as: 'Putting knowledge to work'. Whilst in 1907, in the context of poor business performance and increasing economic competition from abroad, the British librarian James Duff Brown urged each household in the land to form its own library, because in 'a critical time like the present . . . intelligence and knowledge are at a premium.' [11, p. 32] Statements and expressions of purpose similar to all of the above can just as easily be found in 21st century discourses announcing the arrival of a knowledge economy.
Retrieving the company library from history
To challenge the myth of the knowledge economy, it is pertinent to examine past points of intersection between knowledge and the economy. One such point was the hidden world of the humble company library and the information functions it performed. In the first half of the 20th century formal recognition was given to the importance of knowledge as a prime factor of production by firms that pioneered the in-house technical and commercial library. For example, Vincent Garrett, technical librarian at the chocolate giant Rowntree and Co. of York, which established one of the earliest in-house libraries in 1916, confidently declared in justifying his role that 'the rule-of-thumb era has run its course . . . The effective operation of business undertakings is becoming increasingly dependent upon organised science.' [12, p. 40] Early company libraries were not sleepy backwaters, corresponding to the stereotypical image of the library. Rather, they were key components of the increasingly science-based and scientifically managed large-scale enterprises that were forged in the First World War and in the challenging economic climate of the inter-war years. Far from being hidden away in inconspicuous accommodation, company libraries often fulfilled an important role in enhancing corporate image. For example, the library and adjacent conference room established by the General Electric Company at its Wembley (North London) laboratories were located close to the entrance and given oak fittings and furniture to a high standard of craftsmanship. The library was part of the tour for guests at the official opening of the research laboratories in 1923 [13, pp. 19-21] . Company librarians were keen to stress that their habitat was 'no ivory tower' [14] . They acted as envoys of the growing culture of service in early 20th-century library work, helping to negate the notion that libraries were simply places for spiritual refreshment, promoting instead their value as engines of material advance in which good service produced tangible, 'worldly' benefits. Like any input of knowledge or information, the 'output' of early company libraries in respect of value added to corporate profits and efficiency could not be determined precisely. This did not concern the enterprises that pioneered company libraries. For them, the high utility of the company library, although not measurable, was unquestionable. The argument made in 1928 at Imperial Chemical Industries, that the detailed subject indexing service of the newly established central library would allow potential purchasers of a book around the company to see what was in it without necessarily purchasing it, made obvious economic sense, even if the precise benefits in terms of the avoidance of duplication and waste could not be calculated [15] .
A fairly extensive literature exists in respect of post-1945 company libraries. As both special librarianship and information work became more important after the Second World War, their practitioners began to publicize them in handbooks and guides, and in the library press [16] [17] [18] [19] [20] [21] . Company libraries and their operations feature prominently in such publications. But much less is known about in-house technical libraries before the middle of the 20th century. They are a class of library largely hidden from history. To retrieve this lost world of early knowledge economy it is appropriate to excavate and examine the archival records not only of companies that pioneered in-house collections and information services, but also external organizations that were linked to internal libraries. This paper is based on the fairly substantial archival records of early 20th-century libraries in five British enterprises. Two are commercial enterprises: the Bank of England and the Post Office (as much a commercial concern, it might be said, as a government department). Three are industrial enterprises: the York confectionery manufacturer Rowntree and Co., Imperial Chemical Industries (ICI) and the Manchester electrical engineering firm Metropolitan-Vickers. Occasional reference is also made to the archival and other primary sources records of libraries run by the East India Company, the General Electric Company (GEC) and the catering and confectionery giant J. Lyons and Co; as well as to testimony supplied by individuals who worked in company libraries in the 1940s and 1950s. In addition, evidence is drawn from the archives and annual conference proceedings of Aslib (Association of Special Libraries), established in 1924, and from contemporary monographs, book chapters and articles in professional journals.
Terminology
The subject of this paper is the 'company library'. However, in reality this term stands for a range of functions much wider in scope than the provision of a collection of books and periodicals. Company libraries were also 'information institutions', their staff engaged in abstracting work, and in the extraction of information from whole documents and its subsequent indexing. The work of the company library can thus be said to have often included the provision of 'information services'. Moreover, in places they were highly influential in shaping the kind of corporate information infrastructure arrangements we nowadays refer to as 'information management'. The informational dimension of the company library was explained in 1924 by Rowntree's librarian, Vincent Garrett [12, p. 39] : 'ninety-five percent of the inquiries handled in my library are not for specific books, but for information . . . this type of library is not a Book Department but an Information or Intelligence Department.' This message was echoed three decades later by one of Garrett's successors as Rowntree librarian [22] : 'As a matter of fact I sometimes wonder whether the name "Library" as far as we are concerned is not a misnomer, for I should like to say that we are 40% Library and 60% Information Service.' Company libraries were as much home to the vertical file as the book, as the librarian Edward Green explained in 1944:
One of the most important features of the works library is the provision of a vertical file to contain clippings, each enclosed in a standard sized envelope, endorsed with the subject-matter, and readily accessible. When it is remembered the amount of time which may be employed, when no system is in operation in tracing information in back numbers of journals, the value of the always up-to-date vertical file will be realised. [23] The informational identity of the company library was derived from the need and desire to segment, isolate and index knowledge recorded in whole items. It was also based on the fact that the word 'information' had a practical connotation apposite to the world of business. Even in departments that did not employ [24] . Similarly, the library of the research laboratories of GEC was strongly informational in its work, the major part of staff time being taken up by circulating, retrieving, abstracting and indexing periodicals and reports [25, p. 12] .
The complexities of embryonic library and information provision in enterprises, and hence the problems of nomenclature that these give rise to, are illustrated by the structure of the information service established by Metropolitan-Vickers, as part of its research department, in 1916. The blueprint for an Information and Intelligence Section identified four functions: Economic Survey (the production of market reports for other departments in the company and for some outside bodies); Westinghouse Liaison (the exchange of technical information with the firm's American parent company, Westinghouse); Pure Scientific Liaison (the exchange of information with individual experts and scientific bodies); Intelligence and Library Service (including a reference library, an abstracting service, a periodical circulation service, and a service for translating foreign-language technical literature) [26] . The library was named here as a separate function. However, in reality all four functions of the section were interwoven.
Early company libraries were labelled in a variety of ways: the works library, reference library or technical library; the information unit, information service, information branch, information centre or information bureau; the research department; the intelligence service, intelligence section or intelligence department. In Newcastle-upon-Tyne in the late-1940s, the libraries of British Paints, the soap manufacturer Thomas Headley and the heavy engineering firm Vickers-Armstrong were referred to, respectively, as 'The Central Technical File', 'The Manufacturing, Development and Research Library' and 'The Technical Information Bureau and Central Technical Library' [27] . Company libraries did not conform to a uniform pattern; they were, in short, characterized by a wide divergency of condition, a 'strenuous individualism' [28, p. 75] . This made cooperation between units in different firms a key and traditional feature of company library work. 
Company library foundations and activity before 1914
Before the First World War, British business was relatively slow to develop in-house information resources and services. In 1907 James Duff Brown offered the opinion that: the average man of business . . . must be written down, along with the publican and the coster, as among those to whom the printed records of learning, wisdom, and scientific dexterity make but little appeal. Those superior persons -the average business man -who are continually parading their great commercial acumen before the humbler folks who only rank as customers, seem to be singularly short-sighted in regard to the aid which literature can, and does, lend to business.
In workshops and factories in particular, Brown continued:
all kinds of processes are accomplished by rule-of-thumb, in the good old way sanctioned by the traditions of a long series of venerated great-great-grandfathers . . . Some workshops of the largest kind do possess valuable and fullyequipped reference libraries of technical books, but they are very often locked up in the office for the sole benefit of the manager and the foreman. In most factories, very little in the way of technical books will be found, save a few volumes of patterns or trade catalogues; and it must be confessed that from libraries in hotels and shops to those in lighthouses and battleships, fully-stocked and upto-date technical collections of books, capable of being used in aid of the special trades or professions, are very seldom in evidence. [11, p. 47] In light of these observations it is not surprising that evidence of pre-1914 company libraries is thinly scattered in the historical record. However, some notable activity and foundations can be traced. In 1801 the East India Company inaugurated a library (in London) of wide-ranging documents relating to the economy, culture and climate of the Indian sub-continent [34] . Materials included maps, surveys, reports, parliamentary papers, books and vernacular manuscripts. Something of the contents of the library can be gleaned from the 1931 report of the librarian of the India Office (inheritor of the collection on the demise of the East India Company in 1858), which listed the contents of the library as follows: 48,000 general European books; 3000 dictionaries and grammars; 114,000 Oriental books; 15,000 vernacular (including Sanskrit) manuscripts; and 1800 manuscripts on palm leaves [35] .
Levinstein Ltd, which eventually became part of ICI's Dyestuff Division, opened a library in the 1870s. Other progenitors of ICI also developed libraries. Brunner In contrast to private enterprise -and as evidence of the benchmark company library provision failed to reach -government departments were generally ahead of private enterprise in establishing libraries. The Board of Trade established a fairly substantial library as early as 1834 [36, pp. 8, 15] . A library was established in the Post Office in 1858, providing mostly works of fiction for loan, but also some reference and scientific material, as well as maps and [government] blue books [37, 38] . In 1912, it was suggested that the library be transformed into a fully fledged technical library focusing on the practical sciences of telegraphy and telephony [39] . Certainly by 1935, this library was operating under the title 'Reading Room and Reference Library' [40] , contributing significantly to the performance of what was to all intents and purposes a commercial enterprise, albeit government owned.
The scale and nature of company library expansion after 1914
It was not until the First World War that company libraries began to appear in Britain in anything approaching significant numbers. A number of reasons, including those offered by Marshall [33, pp. 24-31] , can be offered to explain the lack of corporate interest in company libraries before 1914. First, libraries were seen as expensive and, given the historic success of British industry and commerce without them, they were also viewed as unnecessary alternatives to the tacit knowledge of employees and the 'old boy network'. Second, both individuals and separate departments within firms tended to guard jealously, from colleagues and other departments, the informal collections of literature they may have assembled. Third, the sharing of information in the form of a central library resource could endanger company secrets: library staff would be in the privileged position of having access to a wide variety of information on the activities of the organization.
As these attitudes began to be eroded during and after the First World War, company library activity grew. It is difficult to gauge the precise level of this activity, but evidence can be marshalled that points to an abrupt increase in interest after 1914. In 1924, four of the original standing committee of Aslib -William Barbour (Nobel Explosives), Vincent Garrett (Rowntree), J.G. Pearce (formerly of Metropolitan-Vickers) and Sinclair Wood (Lever Brothers) -ran, or had recently run, industrial company libraries [41] . In 1927, of the 343 members of Aslib, some 95 (just over a quarter) were industrial and commercial concerns [42] . This total increased to 202 (20%) in 1948 (and to 965, or 36%, in 1963) [16, p. 219] . The on-going strengthening of the industrial and commercial presence is also seen in the fact that 75 (or 35%) of the 213 delegates to Aslib's 1949 annual conference were from business [43] .
By the middle of the 20th century, all manner of businesses had invested in in-house library services. For example, the catering and confectionery giant J. Lyons and Co., famous for its pioneering investment in business computing [44] , also saw profit in the printed word. Lists of acquisitions, including texts on office methods, industrial organization, economics and more technical matters pertinent to the business, were printed in the company's monthly journal [45] .
However, despite a marked increase in activity from the First World War onwards, it should be emphasized that company library provision in the period up to the A. BLACK 1950s remained extremely patchy. A survey of 122 firms by the Department of Scientific and Industrial Research (DSIR) in 1952 revealed that whereas twothirds had a collection of technical literature, only 20% of these had over 50 books [33, p. 26] . Another survey, by the Manchester Joint Research Council in 1954, found that out of 225 local firms investigated, 96 (or 43%) reported the existence of a library of one kind or another. However, only 17 of these had trained librarians or equivalently qualified full-time staff, over half the libraries were run by part-time staff and 21 had no staff at all. Only around 25% of firms abstracted periodicals; and an equally small proportion made use of the information services provided by external libraries, whether in the public or private sector. Libraries were more likely to be found in larger firms [46, p. 177 ]. Reporting to the DSIR, the Council expressed surprise that a firm could operate without feeling the need to consider new developments based on the general advancement of science and technology; also that very little use appeared to be made of local reference libraries. It noted that 'a major weakness of industry is the haphazard way in which a watch is kept for serviceable information by most firms' [47] . As late as 1952 Aslib was lamenting the fact that: 'Few small industrial undertakings are as yet prepared to establish information departments.' [48] In 1953, Jason Farradane, future founder of the Institute of Information Scientists, confidently observed that: 'The majority of industrial concerns . . . remain ignorant of the full possibilities of an information service, or perhaps even of the need for information.' [49, p. 327] This said, by the early 1950s between 1200 and 1500 British firms had established libraries or information departments, facilitating the observation that 'industrial libraries now exist in sufficient numbers to be accepted as integral parts of a large concern' [28, p. 75].
The causes and contexts of expansion after 1914
Notwithstanding the uneven and relatively limited spread of company libraries in the first half of the 20th century, the decades after 1914 were a watershed in their development, especially in large-and mediumscale enterprises. What were the circumstances that nurtured development? What were the causes and the contexts of the sudden expansion of company libraries after 1914, and in particular between the two World Wars?
American influences
The company library originated in the late 19th century in the USA, where a small but select group of large corporations -including General Electric, Price Waterhouse, the Prudential Insurance Company, the National City Bank of New York and The American Telegraph and Telephone Company -succeeded in assembling fairly extensive research and reference collections [50] . By 1914 the idea of the company library had become embedded in much of America's large-scale business enterprise, with the practice having been exported to a number of other countries, including Britain [51, p. 51] .
A survey commissioned by Rowntree and Co. in 1916 revealed the existence of around 100 company libraries in American manufacturing concerns (no doubt there were many more). The greatest level of library activity was reported to be occurring in the insurance, banking and telephone sectors. [54, p. 6] . In fact, throughout the inter-war years and beyond, the USA remained the home of company library development and the place where people came to learn about new techniques and services.
The inadequacy of public provision
It might be argued that had public provision of technical and commercial information been more generous and advanced, then private enterprises may not have been forced to commence and develop their own information services. Public business libraries in Britain lagged behind their American counterparts in terms of both numbers and size. In the USA, in addition to self-organized libraries, business was served from around the turn of the 20th century by a public provision of technical and commercial information. A public 'Industrial Library' was established in Providence in 1900, and this was quickly followed by the emergence of 'Useful Arts' departments in public libraries in Cincinnati, Detroit and Cleveland [55, p. 5 During and immediately after the war, the business communities in towns like Leeds, Bradford and Manchester were active, often in association with the local Chamber of Commerce, in promoting business information bureaux in public libraries [60, pp. 36-39] . But these efforts seemed to be aimed largely at improving access for small and medium-sized companies, as opposed to the large corporations which had the means, and increasingly the will, to set up their own services tailored to their specific needs. Between the Wars some public library business libraries underwent notable enlargement as new (as in Manchester and Sheffield) or refurbished central libraries came on stream [61, pp. 52-3] . However, the services they offered were clearly not an alternative to independent provision in large firms, which continued to develop their own company libraries -this despite librarians' penchant for 'talking up' the value of public provision to industry [62, p. 81] . Nor, it would seem, was a truly effective alternative offered by the public money spent on the libraries of the industrial sector research associations inaugurated by the DSIR after 1918.
New industries
There was a high correlation between company library activity and the development of new sectors in the economy. In the 19th century the British economy had become dependent on the 'old staple' industries of coal, shipbuilding, textiles, mechanical engineering, iron and steel, and the railways. In the early 20th century, as these traditional sectors of production began to decay, a range of new, science-based industries -potentially high-productivity and high-yieldbegan to flourish: chemicals, synthetic dyestuffs, artificial silk (or rayon), precision instruments, oil, aluminium, rubber, plastics, aircraft, motor vehicles, canned foodstuffs, electrical engineering, generation and supply, electrical and radio equipment, and a wide variety of household, confectionery and consumer goods. Rising real incomes for those in work increased demand for 'new industry' goods (annual expenditure on electric consumer durables trebled between 1930 and 1938) [63] . Thus was generated a 'developmental block' in the economy formed from a combination of technological advance and rising consumer spending power [64, p. 315] .
It was in these growth industries, where scientific knowledge and research and development were at a premium, that technical libraries took root. Hence, it is no surprise to see pioneering libraries established in the decades after 1914 by enterprises like General Electric (1919), Metropolitan Vickers (also electrical engineering, 1916); Rowntree and Co. (confectionery, 1916) ; the rubber manufacturer Dunlop (which had established a library certainly by 1921); and the food canning firm The Metal Box Company (which was at the forefront of technology for the manufacture of cans, and which established a library in 1937). In his study of industrial libraries, Burkett [16, p. 202] was therefore correct in observing that 'where firms are successfully engaged in industries with a rapidly changing technology and with keen competition both at home and overseas to be faced, reliance is placed on research and development (and market intelligence) and on the information services which are an integral part of them.'
War, economic depression and organized science
The growth of company libraries paralleled the rise of organized science, which was galvanized by the First A. BLACK World War. The poor progress of British forces in the war led to accusations that science had been neglected [65, p. 53] . The requirements of technological, total war enhanced the systematic and scientific approach to the development of technology. In the early industrial revolution technological innovation rarely resulted from the formal application of science. Most innovations were the products of brilliant artisans or inspired amateurs. This tradition remained dominant in British manufacturing certainly until the mid-19th century. Even thereafter the planned application of science in industry was the exception rather than the rule. The employment of scientists by industry in a research capacity was rare. The practical value of book knowledge was widely questioned in industry. Skilled workers often looked with suspicion on those who studied the 'manufacturing arts'. Even when industry became much more science-based, practical experience was often valued more highly than theoretical knowledge. The value of research was recognized relatively late by British companies. A national crisis in this respect materialized at the start of the First World War when it was found that Britain was almost entirely dependent on imports from Germany of such goods as dynamos for motor vehicle engines and dyestuffs for fabrics, including military uniforms -a deficiency that was hardly surprising given that in 1913 Germany's university student population outnumbered Britain's by six to one [66, p. 420; 67, pp. 124-5] .
A chief legacy of war was increased emphasis on research into industrial processes and marketing. Significant research efforts were only visible in large firms (those employing over 1000, say) and were more likely to occur in newer, science-based industries (more about these later). By 1927 the GEC was employing over 200 research staff; while ICI was spending £1 million and £1.4 million a year on R&D in 1930 and 1939, respectively. Patent applications from companies (as opposed to individuals) increased from 15% in 1914 to 58% in 1938, thereby explaining the assertion made in 1926 by the Chairman of Nobel Explosives, Harry McGowan, that 'organized research lies at the root of our prosperity [68, pp. 128-9] . Regarding the later period, note that expenditure by British industry on R&D increased from £5 million in 1939, to £30 million in 1951 and to £400 million in 1962; as noted by Burkett [16, p. 216] .
Continuing faith in the need to apply science to industry was assured by the malign economic environment of the inter-war years. The loss of foreign markets during the First World War and, following a short postwar inflationary boom, a depressed economy that lasted for two decades after 1921 led to anxieties concerning the ability of British commerce and industry to compete on a world stage. Faced with stiff post-war international competition, companies increasingly came to realize the importance of commercial and technical intelligence. 'Gone are the old rule-of-thumb systems with their risky characteristics,' asserted the Manchester Guardian in 1920 in relation to business information [69] .
The future stiffness of international competition was acknowledged by Aslib: 'Business is the means by which a nation makes its livelihood, and not even the most optimistic would claim that that is going to be an easier matter during the lifetime of the present generation.' Hence it was important to invest in information: 'Other things being equal the enterprise to succeed will be the one equipped to find out quickly and with the minimum of effort whatever it may want to know.' [70] Aslib also made a direct connection between Britain's struggling economy and the need for better information services: 'Industry and commerce in England today are facing the difficult problem of restoring their lost prosperity. A consideration of the many factors which will contribute to that restoration brings out the vital necessity for accurate and up-to-date information on technical, scientific and economic matters.' [71] Leading librarians and the library establishment vigorously promoted libraries as laboratories and workshops of technological and material advance. In 1918 the Library Association Record declared that: 'Arsenals of scientific and technical information will become, nay have become, as necessary as arsenals of war-like materials, and if steps are not taken promptly we shall be as little prepared for peace as we were for war.' [72] Observing that business was 'more and more an opportunity for science', special librarians re-asserted the contention that: 'The library remains the great essential to discovery.' [73, p. 10] . J.G. Pearce wrote confidently in 1921 that: 'In Great Britain the handicap arising from the belated application of science to industry can be eliminated through documentation.' [29, p. 365] At Rowntree and Co. it was declared that: 'The knowledge of science . . . [is] likely to be applied more extensively than in the past to productive processes.' [74] Indeed, the firm developed a strong Chemistry Department, whose scientists and technicians became the heaviest users of the company library.
The growth of organized science received a further boost during the Second World War and acceptance of the importance of information widened accordingly. As Aslib's Deputy-Chairman of Council pointed out in 1951, 'on all sides there is pressure for more productivity and a growing realization that it can only be obtained by greater and greater use of recorded knowledge.' [75] Consequently, company library activity increased significantly after 1945, as it became conceptualized as an important 'advance scout for research' [76] . By the 1950s the library at GEC's research laboratories was supported on the grounds that the received wisdom was that research was very important to the company in the race to stay ahead of its rivals . . . The services provided by the library enabled the research staff to keep ahead in terms of knowledge of what was happening elsewhere; therefore the library was a good investment. [77] 
The rationalization movement
Company library activity was boosted by changes that occurred in the scale and ownership of enterprises. In response to intensifying competition, businesses between the Wars developed a philosophy of rationalization, which in practice meant increased concentration of ownership -the essential ingredient of what the British business historian Leslie Hannah has called the 'rise of the corporate economy', the development of which took a giant leap forward in the 1920s and 1930s [68] . Wartime industrial developments included larger-scale enterprises, new industries standardization, mass production and merger. Between the Wars firms continued to grow in size and industrial concentration (or rationalization) intensified. The new, growth industries in particular displayed a marked shift towards oligopoly. For example, the number of motor vehicle manufactures fell from 96 in 1922 to 20 in 1939 [63, p. 106] . The rayon industry came to be dominated by Courtaulds (which commenced a technical library in the 1930s). ICI was the result of the largest merger in manufacturing (by market value) between the Wars. Overall, the number of firms disappearing by merger increased from 1409 in the first two decades of the century to 3289 in the 1920s and 1930s -an increase in activity of around 230%. Business invested heavily, both philosophically and materially, in the rationalization movement. Following a short inflationary post-war boom, recession struck in 1921. Thereafter, average unemployment in Britain remained above 10% each year (except 1927) until the Second World War re-invigorated output. In these circumstances the traditional market mechanism of free competition between a large number of players appeared to be a luxury, delivering as it did overproduction and underconsumption. Amalgamation was seen to offer security: larger enterprises with accompanying economies of scale, the argument went, might be better equipped to ride out economic storms.
Rationalization was crucial to the growth of company libraries. Those responsible for promoting company libraries appeared to recognize this at the time. S.S. Bullock, General Secretary of Aslib, believed that 'organization, co-ordination and, more lately, rationalisation [my emphasis]' were indispensable words for explaining what was going on in the inter-war economy [78] . Rationalization, entailing growth in company size and often diversification, placed a premium on improved organizational management. To manage ever more complex and larger operations a greater reliance was placed on information management, including the role that the company library could play in this regard (more about information management below). Increasing size meant technical library provision could be afforded. The increasing scale of production, combined with competition for market control between an increasingly lower number of big players, raised the stakes in terms of corporate success and encouraged firms to invest in information and intelligence. During the First World War Ernest Savage argued that large companies clearly enjoyed 'advantages over isolated firms and small industries in being able lavishly, yet at a trivial cost compared with their immense business, to equip and maintain research laboratories and bureaux of information' [79] . This contention was confirmed at an historical distance by Astall, who half a century later in an examination guide for special and industrial librarianship observed that: 'Many of the better and most comprehensive library and information services and facilities have grown up through the amalgamation of smaller firms into industrial groups.' [80, p. 22] 
Technical education
An inconspicuous, though not insignificant, function of the company library was as a provider of technical education. As repositories of technical knowledge, company libraries offered the potential to support the technical education of employees at a variety of levels. Information services in engineering companies were urged to 'improve the minds' of the engineers they employed [81, p. 130] . Douglas Foskett, librarian and information officer at the Metal Box Company from 1948 to 1957, was convinced that his library played 'an important part in improving the general educational level of the workers at all levels' [82, p. 4] . Before 1914 progress in technical education provision in Britain had been poor. It was James Duff Brown's opinion that in respect of technical education 'other nations are A. BLACK pushing ahead and injuring the old British reputation for quality and accuracy in every kind of manufacture and machine' [11, p. 51] . At the higher level, university departments of engineering, metallurgy and chemistry had developed slowly relative to counterparts in Germany and the USA. The tendency in manufacturing was to value 'learning by doing' over the formation of a scientific and professionally trained managerial class [83, p. 146] . As late as the 1940s, the residue of this attitude could still be detected in the form of criticism of the company library as an irrelevant tool for engineers whose pioneering ancestors were seen to have succeeded without being bookish [84] . At the lower level, reliance on apprenticeship entrenched traditional 'rule of thumb' practices where imitation took priority over creativity and discretion. Most managers opposed technical education, meaning that supervisors were often self-taught. As a reaction to such conservative attitudes, technical education provision began to grow from the 1890s onwards. For example, by 1897 over a quarter of a million students were taking examinations in craft and technical subjects offered by the City and Guilds of London Institute [85, p. 74] .
Interest in technical education was given fresh impetus by the First World War and by the increasingly competitive and technological economic environment of the inter-war period. Even if trade fluctuations restricted the flow of resources that could be directed towards technical education, the importance of investment in 'human capital' was increasingly recognized. Anticipating the knowledge and learning economy discourses of the late 20th century, the Times declared in 1930 that the prosperity of the State . . . depends more perhaps than upon anything else on the ability of British industry and commerce to hold their own in the fierce struggle of world competition. That can only be done by maintaining and raising the knowledge and intelligence of its personnel. [86] Technical education via the company library reflected these changing attitudes to human capital formation. The company library's contribution to technical education was in the tradition of the 'middle way' that characterized technical education in Britain from the 1890s onwards. Unlike the mass, formal technical education schemes of Germany and the mostly 'on the job' learning of the American system of production, the British approach was one of informal education in technical subjects complemented by practical work experience. This approach was enshrined in the emergence of evening classes, at that stage a peculiarly British phenomenon that became the envy of the rest of the world [85, p. 74] . British workers took advantage of both non-vocational classes and vocational classes. Non-vocational classes (pre-dating the vocational in their origin) provided transferable skills of reasoning and literacy. British technical education was traditionally not confined to training in specific skills relevant to a particular job. It also admitted an element of general learning, especially in the tradition of the educated artisan, conducive to the production of 'rounded' workers [87] . Vocational classes, on the other hand, provided directly pertinent knowledge.
Company libraries satisfied this informal, mixed, middle-way formula for technical education in two ways. First, some company libraries provided not just technical materials, but also serious literature of a general nature. For example, the Post Office's central reference library was designed not only 'to assist in the solution of the many problems that arise in the course of official work' but also 'to aid the staff in the special study of subjects of Post Office interest' [88, p. 20] . The committee planning the new library believed it important that the Library should not be confined to such works as interest only the specialist and [the] investigators. The Library cannot be expected to provide, of course, elementary textbooks for examination purposes, but it should contain works of the widest possible appeal within its range of subjects, and in particular it should attract and assist those officers who are new to the Post Office and who are desirous of access to the best means of fitting themselves for their official careers . . . We desire that the Library should be frequently used by officers of all grades in the course of their everyday work. [89] It was intended, therefore, that the library would not simply 'enhance the efficiency of this great public service', but would also 'be of benefit to individual officers' [90] . At first confined to higher technical, managerial and supervisory staff, library use was envisaged as 'the ultimate inclusion of the whole of the Post Office' [91, p. 57] . This was a potential readership of 31,000, some 2000 of whom were already readers, many of them consulting the reference collection and borrowing books through the post as students [92, p. 77] .
Second, for those who had access to them, company libraries offered opportunities for workers (and, indeed, supervisors and managers) to complement any technical and scientific education they had received or were receiving. As a resource pertinent to their work, company collections were often extremely useful, and generally much more useful and accessible than the reference collections of most public libraries. At Rowntree the library was seen as integral to the firm's educational scheme [93] , which, like the company's welfare provision (medical care, sporting facilities, subsidized housing etc.) owed much to the Quaker philosophy of its founding family. Initially, use of the library was for a select few, but a year after its opening access was widened to large parts of the workforce, followed shortly by a relocation of the library to a more popular position close to the factory gates. By 1924 clerks were said to be busy borrowing 'literature pertinent to their work' [94] .
A good example of a library that combined support for the development of a generally better educated workforce with more specific technical education was the reference department established in the Bank of England in 1922. Traditionally, those applying for clerkships in the Bank had to sit a basic examination in geography, as well as one in mathematics [95] . General knowledge of this kind was deemed crucial to the technical work specific to the job. As such, the Bank's reference library proved to be a valuable asset for those seeking to meet the requirement that Bank workers improve their intelligence and adaptability, while at the same time providing technical data pertinent to the organization's prime business. A similarly broad perspective on technical training was evident in the purpose of technical library provision in ICI, which in the 1950s endeavoured to inculcate a 'liberal outlook' among its apprentices and managerial trainees, for although a firm's library will have technical training and information as its raison d'etre, a stock of some volumes covering the history and wider background should supply younger employees with broader spheres of reading and establish for them a meeting place and a centre that has some cultural basis. [96, p. 12] 
Scientific management
Company libraries helped to underwrite the development of the scientific management regimes that Taylorist teachings and Fordist organization had popularized. In large mass-production enterprises (whether industrial or commercial), with a detailed division of labour and intense specialization, good supervision and personnel management were critical. Library holdings reflected the new science of management. Literature on management and supervision of operations often featured [29, p. 366] . (However, management literature was not to be found in all large companies and was certainly absent from GEC's collection in the 1950s) [77] . Rowntree's librarian believed it was important to make available books on administration and (industrial) psychology [97] . 'The secret of high wages and high profits is Management', he advised [98] . In companies with good welfare schemes (a complement, in many respects, to aggressive scientific management) material supporting this aspect of corporate responsibility could also be found -'literature upon such subjects as fatigue study, business psychology, employment management, hygiene and housing' [99, p. 373] . Scientific management's marketing dimension was also accommodated. A cross-section of enquiries received by the library at Rowntree in 1920 reveals an understandable interest in scientific information, but also a surprisingly strong interest in marketing data (for example, particulars of the walnut trade; statistics on German trade; population statistics), as well as in information on the 'human factor in industry' and on industrial organization [100] .
In 1918 Ernest Savage advised that in motor manufacturing, any decent library should have books on what he called 'collateral subjects' -like industrial organization, advertising, wage systems, the labour question and scientific management. He advised that libraries be used to study the ideas and aspirations of the labour movement so that companies would not be taken by surprise by workers' demands [79, p. 151] . In some cases the nature of collections reflected the desire of management to contain labour through new management philosophy and practices.
If made widely accessible in the organization, company libraries could be employed as an antidote to the monotony created by the mass production and minute division of labour that characterized Fordism.
It was argued that library use could help restore 'mental equilibrium' by combatting 'acute specialization' [29, p. 365] . Use of the Post Office library, it was said, would enable each individual officer both to appreciate the relation in which the work of his branch or department stands to that of other parts of the Post Office, and to acquire a knowledge of conditions, developments and practice outside the service. [90] Some libraries were promoted as bridges to achieving promotion, serving the interests of the worker and, at the same time, assuaging negative attitudes born of monotony and specialization by the promise of higher wages and, perhaps, more control over one's job.
Specialization in economic life needed to be complemented by specialization in knowledge production, through the work of niche agencies like company libraries. Aslib recognized the role which specialized knowledge agencies could play:
A. BLACK
What it amounts to is that every man has his own subject, about which, loosely speaking, he must know everything. About many other subjects he must know a little or know how to inform himself about them when occasion demands. The amount of knowledge involved in these comparatively limited requirements is far too great to be borne in one human mind. Whilst we have to know a great deal more than did our great-grandfathers, we have not been provided with bigger brains to contain our knowledge. The way out of this difficulty is provided by specialisation. Just as specialisation in activity has made possible the modern mass production of goods required by the vastly increased populations of the world, specialisation in knowledge makes possible the management of every sort of great complicated enterprise. [70] Company libraries promised gains in productivity and profits. A central intelligence service, said J.G. Pearce, 'meant economy and efficiency' [29, p. 366] . Those who recognized the tangible value of the company library were frustrated whenever their views were not shared by businesses enterprises -which was fairly frequently. In 1926 Aslib's Honorary Secretary complained that: 'The snag is the large proportion of the industry who do not appear to have the faintest notion that we could provide them with anything able to be translated in their works into £.s.d. [pounds, shillings and pence]' [101] . Enthusiasts were at pains to point out that 'a service of information is not costly . . . Perhaps knowledge is undervalued just because it is so cheap . . . Or perhaps knowledge is not assessed at its worth because the results of lacking it are not immediate, direct, and obvious' [70] . They also pushed the argument that information assisted in avoiding the 'capitalization' of new machinery and processes before they had been proven.
The fact that more and more enterprises inaugurated company libraries illustrates a growing realization in business circles of the important role information could play in delivering corporate success. Generally, companies which invested in a company library accepted it as a valuable asset. Less than two years after the establishment of the library at Rowntree a company director estimated that 'the cost of the library has already been saved two or three times by improvements in the works effected as a result' [102] . The company librarian concurred with the economic benefit his department had brought: 'The value of upto-date information, if made accessible, properly interpreted and turned to account, is very real' [94] . Douglas Foskett was once told by a Metal Box factory manager that a technical report he had tracked down for him had saved the company £10,000 per annum [103] .
In order to prove their worth, in true scientific management style some company libraries performed a detailed cost analysis of their operations. At ICI Dyestuffs in 1932, the librarian explained that:
we are able . . . to show the exact cost of each of our various services -the card index, the Library publication, including a weekly summary of journal and patent literature and a weekly list of all literature (internal and external) received in the Library, the handling of reports, enquiries, and the like . . . Accurate analysis is an invaluable aid in securing the necessary sanction which may be required to meet any increased expenditure necessitated by expanding demands and services. [104, p. 3] This strategy reflected company librarians' acceptance of the new management realities and their understanding that: 'The value of the department will be judged solely by the results obtained' [99, p. 377] .
Finally, the way company libraries were run was in close keeping with the teachings of the scientific management movement, as was the case in regard to other office and clerical environments [105] . Principles of scientific management developed in industry were applied visibly to the organization of the clerical workforce of company libraries. Minute attention to detail and production line methods were key to such activities as abstracting, indexing, preparation of cuttings files and periodical ordering and circulation. Some of these bureaucratic practices were, of course, shared with general librarianship, but in the company library environment they were vigorously conducted, as befitted a commercial environment where new management theories were being deployed.
Information management
A key facet of the rise of scientific management was the evolution of information management -the planned methods enhancing the recording, duplication, organization and communication of information in an organization. New practices in information management, including the role played by libraries, complemented the move towards scientific management. Growth in company libraries coincided with the full flush of the early 20th-century revolution in information management -or as some have viewed it, the original information management revolution [106] [107] [108] In the increasingly large enterprises of the inter-war years hierarchies deepened and chains of command lengthened. 'Distance' and 'interface' between branches, departments or subsidiaries was reduced by a number of organizational and technological changes. Between the Wars communication was improved markedly by advances in telephony. Increasingly standardized practices -down to the level of pro forma documentation and printed protocols -created uniformity and delivered efficiency. Further, heavy investment was made in mechanized office technology. 'In the inter-war years,' writes Hannah, 'typewriters, duplicators and accounting machines of various kinds were widely used in business and the mechanisation of routine information gathering and processing was helping to overcome the problems of information presentation, and hence co-ordination and control' [68, p. 86] . For example, the typewriter allowed and encouraged the wider use of the spreadsheet, making this particular way of presenting data a shared information management method.
The increasing internationalization of capital and the emergence of trans-national corporate ownership placed a premium on the company library as an acknowledged and strategic intersection for the flow of information between the various arms of the corporation. At Metropolitan-Vickers the Intelligence Section served as an important junction in the exchange of information between the various companies in the global corporation of which the company was a part [109] In-house libraries contributed to the information management infrastructure of companies and conglomerates. The librarian was a conduit of information in the organization, a crucial node in its system of knowledge, a person who over time gained knowledge of the organization by fielding enquiries from across it and who, by passing that knowledge on, helped build what in modern parlance is termed the 'learning organization'. As Aslib noted: 'His efficiency and usefulness will grow in proportion as his services are called upon and as he acquires knowledge of what every part of the organisation wants to know' [70] . Librarians were more aware than most of the need to standardize operations: 'Co-ordination is lacking . . . Methods are not unified and work is duplicated,' trumpeted Aslib [78] . There is evidence that libraries acted as repositories of last resort for organizational protocols. In planning the new library for the Post Office in the mid-1930s, it was recommended that 'the Library should contain complete sets of Post Office rules and instructions, and that these should be kept up-to-date by the Library staff' (although the repository of official and historical documents remained the Records Room) [40] .
As Company libraries were mostly concerned with externally generated -essentially published -information, but some were also charged with the responsibility for storing and organizing internally generated information, as well as external unpublished information, such as correspondence.
One company librarian's advice that: 'There should be no room for misunderstanding as to whether, say, correspondence, patents, journals or reports are or are not included in its scope' [104, p. 2] , illustrated clearly that the broad sweep of information management was, in practice, in some places, a legitimate library responsibility. In the 1940s it was reported that in the library of Mond Nickel Company Ltd.:
Much unpublished information is available, and this is certainly being added to, for the department is shown all the correspondence and papers of the firm which can possibly contain anything useful. [110, p. 33] In 1953 Brian Vickery observed that two types of literature -correspondence and reports -were creeping into special libraries, adding that:
Particularly in the field of technology, it is found that every communication received or issued by members of a group may be of value to the group as a whole, and so letters, telegrams and even telephone calls are being brought under the bibliographic control of the library. [111, p. 5] In fact, company libraries had long assumed the responsibility for storing and organizing non-published documentation. A major role for the library of the East India Company in the first half of the 19th century was the reception, recording and storage of correspondence [112] . The Kaiser system of indexing that many company libraries adopted in the 20th century was A. BLACK designed to deal with internal as well as external information [113, 114] . Kaiser wrote that 'the indexes of our intelligence department must cover the entire stock of our information, including manuscripts'; such a department, he added, must:
include all reading matter used in a business, whether in manuscript, letter or book form etc, for it is essential that the information it contains, and which is useful from the standpoint of the business, should be dealt with on some uniform plan so that everything on a given subject may be available regardless of its literary form. [113, paragraphs 7 and 663] When a central library was being planned in ICI in 1928, it was advised that to enable the librarian to be in a position to supply complete information on a given subject, all departmental technical reports, memoranda etc., at present filed in the Central Filing Department, should in future be deposited in the Central Library, or as an alternative, that this particular section of Mr. Barbour's department [i.e. central filing] should be housed adjacent to the Central Library. [15] By mid-century this practice appears to have become fairly widespread. Madge Exley of the pharmaceutical company Boots reported that: 'A librarian in a research organisation will almost certainly be responsible for the filing of reports issued by the departments or divisions of the organisation and by the various committees,' and that such items had to be securely housed, meticulously indexed and perhaps microfilmed [18, p. 171] . Many documents generated in companies -most obviously technical reports but also memoranda and other communications -contained information on work at an advanced stage; and the best place for such confidential information, whilst leaving it accessible, was deemed to be in the library [115, p. 38] .
At Nobel Explosives in the early 1920s the librarian undertook a daily perusal of letters received the previous day in the Commercial Department. Letters containing useful technical information were selected and indexed, and the letters returned [116, p. 169] . By mid-century an information management role for ICI's libraries was still visible. In the Dyestuffs Division Library the 'Records and Reports Section' had the responsibility for 'the registration, care and distribution of the technical records and reports of the Division, and also for an increasing number of commercial, historical and miscellaneous reports and other records', a total of approximately 150,000 different documents [117, p. 405] . Similarly, at GEC, although the issuing and initial distribution of laboratory reports was handled by the Correspondence Office, copies were deposited in the library as a resource of last resort [25, p. 12] .
It is evident, therefore, that from the outset information management, including records management, was an important function of many early 20th-century company libraries. In 1930 Aslib was thus correct in offering the advice that:
When the appointment of someone to be responsible for information is contemplated it will be found that there is much of existing administrative work of the business which would fall appropriately under the charge of the information department . . . In large businesses it is usually the case that parts of the work of all the other departments are better transferred to the new unit in the organisation which is specially expert in keeping records of information. Many businesses possess records of all sorts which might as well be burnt for all the value they are. In the hands of a man trained in the interpretation and presentation of information they would often be of vital importance. [70] 
Conclusion
In recent years the knowledge economy proposition has gained credence among theorists of management and organizational change. Theories of the knowledge economy at the macro level have been reflected in the construction of concepts at the micro level of the firm and organization. The term 'knowledge management' has emerged to underline the importance of investment in 'intellectual capital'; how an enterprise manages this investment, it is said, goes a long way to determining its levels of efficiency and success. Knowledge management theory states that intellectual capital comprises two elements. The first element is unstructured 'knowledge capital', being the total stock of employees' tacit knowledge. The second element is structured 'knowledge capital': that is to say, an organization's complete array of formal mechanisms designed to capture, store, retrieve and communicate knowledge [118] . Examples of this second kind of 'knowledge capital' range from email to the contents of filing cabinets, from databases to business meetings. Another example would be a company's library service.
Many of these mechanisms, however, pre-date the advent of knowledge management theory by a century or more. This is certainly the case with regard to the company library, examples of which can be found in the historical record as far back as the early 19th century. By the 1920s the company library had become a fairly common feature of information infrastructure in large-scale British business. As enthusiastically as their 'knowledge professional' descendants, the managers of early company libraries acknowledged the economic benefits that could be derived from a formally organized information infrastructure.
Those who pioneered company library services were the progenitors of today's information professionals and information scientists. Their chief concern was to provide access to specific information, often extracted from larger documents. As Rowntree's first technical librarian wrote, in 1919: 'For business purposes we tend to disassociate information from literature; we do not want books, we want information' [119] . In the first half of the 20th century company libraries were the laboratories where the principles and practice of information work in Britain -not only minute subject indexing but also the pre-emption of user demands, experimentation in new technologies and formats, the winnowing of information from whole items and detailed abstracting -were formulated and refined. Further research is required on the men (and a significant number of women) who ran early company libraries, their motivation and attitudes, the professional institutions they created, as well as issues of professional status, education and training, subject knowledge, gender and the interface, and friction, with traditional librarianship -for the contribution they made to the creation of a knowledge economy before the knowledge economy should not be underestimated.
